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Abstract
The possibility of detecting Ultra-high energy (UHE from now on) neutrinos due to
superheavy dark matter are considered by the neutrinos interaction with the nuclei in the
air in the present paper. To reject other standard model particles, UHE neutrinos, from
superheavy dark matter and astrophysical sources, skimming the Earth are detected at
JEM-EUSO. Then the numbers of UHE neutrinos detected by JEM-EUSO are evaluated
at different energies (1 EeV < E < 1 ZeV) in 5 years. If the energy thresholds are
taken to be 100 EeV, the astrophysical neutrino contamination could be negligible in
this detection. It is possible that UHE neutrinos from the decay of superheavy dark
matter are detected at JEM-EUSO when O(1027)s < τφ < O(10
31)s. For example,
O(104) UHE neutrino events could be detected by JEM-EUSO at 30 EeV in 5 years
when τφ = O(10
27)s. If so, it may be confirmed that there may exist superheavy dark
matter in the Universe.
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1 Introduction
It is indicated by the Planck data with measurements of the cosmic microwave
background that 26.6% of the overall energy density of the Universe is non-baryonic
dark matter [1]. They are distributed in a halo surrounding a galaxy. A dark
matter halo of a galaxy with a local density of 0.3 GeV/cm3 is assumed and its
relative speed to the Sun is 230 km/s [2]. At present, one mainly searches for
thermal dark matter particles via direct and indirect detections [3–10]. Because of
the very small cross sections of the interactions between these dark matter particles
and nucleus (maybe O(10−47 cm2)) [5,7], so far one has not found dark matter yet.
It is considered an assumption that there is a non-thermal dark sector generated
by the early Universe with its bulk comprised of a very massive relic φ in the
Universe [11–15]. This superheavy dark matter may decays to the Standard Model
(SM from now on) particles and its lifetime is much greater than the age of the
Universe. This lead to a small but significant flux of UHE SM particles. In the
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present work, it is only focused on detection of the UHE neutrinos induced by the
decay of superheavy dark matter φ (φ → νν¯) [16–19]. Although the fraction of
these relativistic neutrinos is small in the Universe, their large interaction cross
sections between them and other SM particles make it possible to find them. If so,
it is confirmed that there may exist superheavy dark matter in the Universe. These
UHE neutrinos, which pass through the Earth and air and interact with nuclei, can
be detected by JEM-EUSO [20], via fluorescent and Cherenkov photons due to the
development of extensive air showers. To reject other SM particles, UHE neutrinos
skimming the Earth are detected at JEM-EUSO. In my work, it is confirmed
the possibility that UHE neutrinos, from the decay of superheavy dark matter,
skimming the Earth could be detected at JEM-EUSO . In this detection, the main
contamination is from the astrophysical diffuse neutrinos in the University.
In what follows, the UHE neutrino event rates, including from the decay of
superheavy dark matter and astrophysical sources, will be estimated at JEM-
EUSO. And it is discussed the possibility of detection of UHE neutrinos induced
by the decay of superheavy dark matter.
2 UHE neutrinos flux from the decay of superheavy dark
matter
It is considered a scenario where a co-moving non-relativistic scalar species φ,
with mass mφ ≥ 1 PeV, in the Universe [17,18,21]. This dark matter decay to SM
particles with a very large lifetime. The lifetime for the decay of superheavy dark
matter to SM particles is strongly constrained (τ ≥ O(1026 − 1029)s) by diffuse
gamma and neutrino observations [17, 22–24]. And τφ is taken to be 10
27s in the
present work. Then the UHE neutrino flux from the Galaxy is obtained via the
following equation [18]:
ψν =
∫ Emax
Emin
F
dNν
dEν
dE (1)
with
F = 1.7× 10−12 ×
1028s
τφ
×
1PeV
mφ
cm−2s−1sr−1. (2)
where Eν and Nν are the energy and number of UHE neutrino, respectively.
dNν
dEν
=
2δ(Eν −
mφ
2
).
3 UHE neutrino interaction with nuclei
For neutrinos at energies above 1 PeV, their interaction cross sections with nucleus
are given by simple power-law forms [25]:
σνN(CC) = 4.74× 10
−35cm2
(
Eν
1GeV
)0.251
(3)
4 Evaluation of the numbers of UHE neutrinos detected by JEM-EUSO 3
σνN (NC) = 1.80× 10
−35cm2
(
Eν
1GeV
)0.256
(4)
where Eν is the neutrino energy.
The neutrino interaction length can be obtained by
Lν =
1
NAρσνN
(5)
where NA is the Avogadro constant, and ρ is the density of matter, which
neutrinos interact with, and ρ is taken to be 3 g/cm3 in the case of detection of
neutrinos skimming the Earth.
4 Evaluation of the numbers of UHE neutrinos detected by
JEM-EUSO
UHE neutrinos are produced by decay of superheavy dark matter (φ → νν¯) and
their energies depend on the mass of φ (that is Eν =
1
2
mφ). If mφ > 2EeV ,
these UHE neutrinos can be detected by the fluorescence detector. The JEM-
EUSO telescope is a kind of fluorescence detectors and can be used to detect UHE
neutrinos [26].
UHE neutrinos reach the Earth and pass through the Earth and air, mean-
while these particles interact with matter of the Earth and air. The secondary
particles generated by these UHE neutrinos will develop into a cascade. And the
most dominant particles in a cascade are electrons moving through atmosphere.
Ultraviolet photons are emitted by electron interaction with air. Some of these
photons is from nitrogen fluorescence, in which molecular nitrogen excited by a
passing shower emits photons isotropically (about 300 - 400 nm). A much larger
fraction of these photons is emitted as Cherenkov photons, which are strongly
beamed along the shower axis. JEM-EUSO will detect the light from isotropic
nitrogen fluorescence and Cherenkov radiation (see Fig. 1). JEM-EUSO consists
of photon collecting optics and focal surface detector with its electronics. The
optics is composed of three double-sided curved circular Fresnel lenses with 2.65
m maximal diameter. When the ultraviolet light hits the optics it is focused onto
the focal surface which consists of 137 Photo-Detector Modules (PDMs). Each
PDM consists of a set of elementary cells containing arrays of Multi-Anode Photo
Multiplier Tubes with 64 pixels with a spatial resolution of 0.074◦ each [27, 28].
JEM-EUSO is a space science observatory to explore the extreme-energy cosmic
rays and upward-going neutrinos in the Universe [27]. It will be installed into the
International Space Station (ISS from now on) after 2020. The ISS maintains an
orbit with an altitude of H ∼ 400 km and circles the Earth in roughly 90 minutes.
The JEM-EUSO telescope has a wide field of view (FOV: ±30◦) and observes
extreme energy particles in the two modes (nadir and tilted modes) via fluorescent
and Cherenkov photons due to the development of extensive air showers. JEM-
EUSO is tilted by an angle of 30 degrees in the tilted mode. JEM-EUSO has a
observational area of about 2×105 km2 and 7×105 km2 in nadir and tilted modes,
respectively. The duty cycle for JEM-EUSO, R, is taken to be 10%. In the present
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paper, it is made an assumption that there exists air under an altitude of Ha =
100 km.
The number of UHE neutrinos, Ndet, detected by JEM-EUSO can be obtained
by the following function:
Ndet = R× T × (AΩ)eff × Φν (6)
where T is the lifetime of the JEM-EUSO experiment, Φν =
dψν
dEν
and (AΩ)eff =
the observational area× the effective solid angle× P(E,De,D). Here P (E,De, D) =
exp
(
−
De
Learth
)[
1− exp
(
−
D
Lair
)]
is the probability that UHE neutrinos inter-
acts with air after traveling a distance between De and De + D, where D is the
effective length in the JEM-EUSO detecting zone in the air, De are the distances
through the Earth and Learth,air are the UHE neutrino interaction lengths with the
Earth and air, respectively.
In what follows, (AΩ)eff is roughly considered and then the numbers of UHE
neutrinos detected by JEM-EUSO are evaluated. Here it is made an assumption
that the observational area of JEM-EUSO is regarded as a point in the calculation
of the effective solid angle Ω. Under this approximation,
(AΩ)eff ≈ A
∫ θmax
θmin
P (E,De, D)
2piRe
2sinθ
(De +Da)2
dθ. (7)
where A =
9
16
S (A is the observational area in the case of detection of neutri-
nos skimming the Earth and S is the observation area of JEM-EUSO), Re is the
radius of the Earth, Da are the distances through the atmosphere, θ is the polar
angle for the Earth (see Fig. 1), θmin is the minimum of θ and θmax is the max-
imum of θ. De = 2Recosα and Da = (Re + Ha)cosβ − Recosα (α, β see Fig. 1).
D =
(H −Ha)sin30
◦
sin(β − 30◦)
and D =
(H −Ha)sin60
◦
sin(β − 60◦)
in the nadir and tilted modes,
respectively.
The background due to astrophysical neutrinos is roughly estimated with a
diffuse neutrino flux of Φν = 0.9
+0.30
−0.27 × (Eν/100TeV )× 10
−18GeV −1cm−2s−1sr−1
[29], where Φν represents the per-flavor flux, by the above method.
5 Results
The numbers of UHE neutrinos, including from superheavy dark matter and as-
trophysical sources, detected by JEM-EUSO are evaluated at different energy
at different θ, respectively. Since JEM-EUSO can only measure the deposited
energy Edep in the air, it is important to determine the inelasticity parameter
y =
Edep
Ein
(where Ein is the incoming particle energy). y for neutrino is about 0.8
at O(10EeV) [30]. If the energy threshold for JEM-EUSO is taken into account
(about 20 EeV [31]), the energy threshold for neutrino is taken to be 30 EeV at
JEM-EUSO in the present paper. Fig. 2 shows the normalized θ distribution of
the neutrino event rates at 30 EeV and 1 ZeV, respectively. From Fig. 2, we can
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see that neutrinos detected by JEM-EUSO concentrate at large angle. So θmin is
taken to be 160◦. θ reaches its maximum and θmax = 169.9
◦ when a track of a
neutrino is tangent to the Earth.
Constrained by the lifetime of ISS, JEM-EUSO has an operation time of five
years. The numbers of UHE neutrino, from superheavy dark matter, detected by
JEM-EUSO are evaluated at different energy (1 EeV < E < 1 ZeV) in 5 years in
the nadir mode when τφ = 10
27s, respectively (see Fig.3). If the energy threshold
for neutrino is taken to be 30 EeV at JEM-EUSO, the numbers of these neutrinos
can reach about 1.4×103 and 40 at at the energies with 30 EeV and 1 ZeV in 5
years, respectively. The numbers of UHE neutrinos, from superheavy dark matter,
detected by JEM-EUSO are evaluated at different energy (1 EeV < E < 1 ZeV)
in 5 years in the tilted mode when τφ = 10
27s, respectively (see Fig.4). The
numbers of these neutrinos can reach about 1.9×104 and 560 at at the energies
with 30 EeV and 1 ZeV in 5 years, respectively. From Fig. 3 and 4, we can see
the astrophysical neutrino contamination are less than 10−5 at energies above 30
EeV. So astrophysical neutrinos could be negligible in this detection.
Since Φν is proportional to
1
τφ
, the above results are actually depended on
the lifetime of superheavy dark matter. For example, the neutrino event rate for
JEM-EUSO is ∼1.9×103 and ∼56 events/five years at 30 EeV and 1 ZeV in the
tilted mode when τφ = 10
28s, respectively. The neutrino event rate for JEM-EUSO
is ∼190 and ∼6 events/five years at 30EeV and 1 ZeV in the tilted mode when
τφ = 10
29s, respectively. The neutrino event rates for JEM-EUSO are ∼19 and
∼1 events/five years at 30EeV and 500 EeV in the tilted mode when τφ = 10
30s,
respectively. The neutrino event rate for JEM-EUSO is ∼2 and ∼1 events/five
years at 30EeV and 50 EeV in the tilted mode when τφ = 10
31s, respectively.
6 Conclusion
According to the results described above, it is possible that UHE neutrinos from
the decay of superheavy dark matter could be detected at JEM-EUSO under the
assumption that superheavy dark matter only decay to neutrinos. It is made an
approximation that the observational area is regards as a point in the calculation
of the solid angle. This produces some deviations for the event rates of UHE
neutrinos, but they can not have an effect on the conclusion that UHE neutrino due
to the decay of superheavy dark matter could be detected by JEM-EUSO in 5 years
when O(1027)s < τφ < O(10
31)s. And it is also possible that these UHE neutrinos
are directly probed by the detectors based on ground, such as the Pierre Auger
observatory (its observation area ∼ 103 km3) [32], when O(1027)s < τφ < O(10
29)s.
The UHE neutrino event rates (due to superheavy dark matter) for the Pierre
Auger observatory are ∼30 and ∼1 events/ten years at 30EeV and 1 ZeV when
τφ = 10
27s, respectively. If so, it is confirmed that there may exists superheavy
dark matter in the Universe.
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Fig. 1: UHE neutrinos skimming the Earth can be detected by JEM-EUSO, via
fluorescent and Cherenkov photons due to the development of extensive air
showers. θ is the polar angle for the Earth.
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Fig. 2: The normalized θ distribution of the neutrino event rates at 100 EeV and
1 ZeV
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Fig. 3: The numbers of UHE neutrino, from superheavy dark matter, detected by
JEM-EUSO are evaluated at different energy in 5 years in the nadir mode
when τφ = 10
27s
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Fig. 4: The numbers of UHE neutrino, from superheavy dark matter, detected by
JEM-EUSO are evaluated at different energy in 5 years in the tilted mode
when τφ = 10
27s
